A new formulation to determine the unit impulse response (Green's) functions of a loaded rotating tyre in the vehicle-fixed (Eulerian) reference frame for tyre/road noise predictions is presented. The proposed formulation makes use of the set of eigenfrequencies and eigenmodes for the statically loaded tyre obtained from a finite element (FE) model of the tyre. A closed-form expression for the Green's functions of a rotating tyre in the Eulerian reference system as a function of the eigenfrequencies and eigenmodes of the statically loaded tyre is found. Non-linear effects during loading are accounted for in the FE model, while the frequency shift due to the rotational velocity is included in the calculation of the Green's functions. In the literature on tyre/road noise these functions are generally used to determine the tyre response during tyre/road contact calculations. The presented formulation opens the possibility to solve the contact problem directly in the Eulerian reference frame and to include local tyre softening due to non-linear effects while keeping the computational advantage of describing the tyre dynamics as a set of impulse response functions. The advantage of obtaining the Green's functions in the Eulerian reference system is that only the Green's functions corresponding to the potential contact zone need to be determined, which significantly reduces the computational cost of solving the tyre/road contact and since the mesh is fixed in space, a finer mesh can be used for the potential contact zone, improving the accuracy of the contact force calculations. Although these effects might be less pronounced if a more accurate tyre model is used, it is found that using the Green's functions of the loaded tyre in a contact force calculation leads to smaller forces than in the unloaded case, lower frequencies are present in the response and they decrease faster as the rotational velocity increases.
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Introduction
Tyre vibrations are an important source of noise inside and outside the vehicle and contribute to the energy losses through rolling resistance. Accurate and efficient models of the tyre dynamic behaviour and of the tyre/road contact interaction are needed in order to better understand how tyre vibrations contribute to the interior and exterior environment.
In the literature over tyre/road noise it is generally accepted that, due to the non-linear character of the interaction, the tyre/ road contact problem must be solved in the time-domain (Fraggstedt, 2008; O'Boy and Dowling, 2009; Wullens and Kropp, 2004) . However, the dynamic response of the tyre itself is often described by linear theory, linearising the equations of motion around the undeformed state and formulating the dynamic response in terms of unit impulse response functions or Green's functions (Fraggstedt, 2008; O'Boy and Dowling, 2009; Pinnington, 2006b; Rustighi et al., 2008; Wullens and Kropp, 2004, 2007) . This implies that non-linear effects which occur when the tyre is loaded, due to the large deformations of the tyre belt and the hyperelastic rubber material properties, are not included.
Furthermore, these models consider a stationary (non-rotating) tyre and a contact zone which is rotating around the tyre. In other words, the contact forces and tyre dynamic response are found in the Lagrangian (tyre-fixed) reference system. In order to determine the vibration transmission to the vehicle interior or the tyre sound radiation, a description of the hub forces and the tyre vibration field in the Eulerian (vehicle-fixed) reference system is needed. This can be done by transforming the tyre response from the Lagrangian to the Eulerian frame taking into account the shift in frequencies due to the rotational velocity (Pinnington, 2006a; Sabiniarz, 2011; Wullens and Kropp, 2007) . However, it has been shown that this approach does not predict the effect of rotation on a loaded tyre correctly, since the change of the tyre eigenfrequencies due to rotational velocity cannot be described with a simple shift Lopez et al. (2009) .
An alternative is to use a fully non-linear FE model and apply the arbitrary Lagrangian Eulerian (ALE) formulation to obtain the dynamic tyre response in the Eulerian reference frame (Brinkmeier and Nackenhorst, 2004; Nackenhorst, 2004) . In this way both the
